The aim of the present study was to critically evaluate the accuracy and readability of English Wikipedia articles on the respiratory system and its disorders and whether they can be a suitable resource for medical students. On April 27, 2014, English Wikipedia was searched for articles on respiratory topics. Using a modified DISCERN instrument, articles were independently scored by three assessors. The scoring targeted content accuracy, frequency of updating, and quality of references. The readability of articles was measured using two other instruments. The mean DISCERN score for the 40 articles identified was 26.4 Ϯ 6.3. Most articles covered causes, signs and symptoms, prevention, and treatment. However, several knowledge deficiencies in the pathogenesis of diseases, investigations needed, and treatment were observed. The total number of references for the 40 articles was 1,654, and the references varied from 0 to 168 references, but several problems were identified in the list of references and citations made. The readability of articles was in the range of 9.4 Ϯ 1.8 to 22.6 Ϯ 10.7 using the Flesch-Kincaid Grade Level instrument and 10.0 Ϯ 2.6 to 19.6 Ϯ 8.3 using the Readability Coleman-Liau index. A strong correlation was found between the two instruments (r 2 ϭ 0.744, P Ͻ 0.001). The agreement between the assessors had mean scores in the range of 0.712-0.857. In conclusion, despite the effort placed in creating Wikipedia respiratory articles by anonymous volunteers (wikipedians), most articles had knowledge deficiencies, were not accurate, and were not suitable for medical students as learning resources. learning resources; Wikipedia; respiratory topics; medical education; medical students; self-regulated learning; DISCERN instrument OVER THE LAST FEW YEARS, medical students enrolled in integrated self-directed programs have shown a tendency to use online resources such as Google and Wikipedia as their first choice for their learning issues/questions (23, 37). For example, a study by Lim (27) showed that approximately one-third of students reported using Wikipedia for academic purposes. In addition, a study by Rainie and Tancer (38) reported that 36% of online users among the study participants used Wikipedia and that the use of Wikipedia was more popular among college students than among high school graduates. In fact, these new web-based technologies have transformed several aspects of our culture, communication, and education. Being easily accessible at all times, such resources continue to grow in popularity among learners, professionals, and the public (2, 32).
OVER THE LAST FEW YEARS, medical students enrolled in integrated self-directed programs have shown a tendency to use online resources such as Google and Wikipedia as their first choice for their learning issues/questions (23, 37) . For example, a study by Lim (27) showed that approximately one-third of students reported using Wikipedia for academic purposes. In addition, a study by Rainie and Tancer (38) reported that 36% of online users among the study participants used Wikipedia and that the use of Wikipedia was more popular among college students than among high school graduates. In fact, these new web-based technologies have transformed several aspects of our culture, communication, and education. Being easily accessible at all times, such resources continue to grow in popularity among learners, professionals, and the public (2, 32) .
Wikipedia has become popular enough such that search engines, including Google and Yahoo, usually show Wikipedia topics on the top of their search results, particularly for healthrelated queries (31, 36, 39, 41) . Currently, Wikipedia is one of the largest-scale collaboration projects known worldwide (1, 51) , and it is the largest multilanguage online encyclopedia. It has 30 million articles in 286 languages, including 4.2 million in the English Wikipedia (51). The Wikipedia project aims at sharing of information online and enabling users on a voluntary basis to contribute by writing, editing, and adding to any article. Among its regular readers are physicians (20) , pharmacists consulting Wikipedia for drug information (7), professional scientists (13) , medical students (9, 21) , and health professional students (45) .
Despite its popularity, research on Wikipedia is still limited and usually focuses on a microlevel analysis (e.g., studying a single article or a few articles) or on a macrolevel of analysis (e.g., researching a specific aspect of the project as a whole). In addition, there has been significant controversy about the quality of Wikipedia information. While some researchers have demonstrated that Wikipedia information quality or reliability is reasonably good for patient education (16, 39, 42) , other researchers have raised concerns about its content (3, 25, 36) .
Metzger (33) remarked that internet users do not diligently evaluate web information. Fallis (11) noted that people tend to make the least possible effort in verifying information sources. This may explain why users seem not to be concerned about the credibility of web information, such as in Wikipedia. The study by Lim (27) found that students tend to use Wikipedia for quickly checking facts and finding background information. Although students had positive past experience with the use of Wikipedia, their perceptions of information quality were not correspondingly high and their level of confidence in evaluating Wikipedia's information was moderate (27) . Taken together, these findings indicate that college students seem to compromise information credibility for speed of use, accessibility, and convenience when selecting their learning sources (27, 43) .
The main criticism directed against Wikipedia articles, at least for scientific and medical articles, is related to the paucity of formal editorial services of such resources and the fact that articles are written and edited anonymously by volunteers. This has created significant skepticism around the reliability and validity of its content (18) . While a few empirical studies have evaluated the medical content of Wikipedia (19) , there are no studies in the literature assessing the scientific accuracy and readability of articles that could be used by medical students when they search Wikipedia for their learning issues. Also, there are no studies assessing accuracy of content and readability of Wikipedia articles covering body systems such as the respiratory system. Such studies may be of value to medical educators and course designers as well as to medical students.
Considering the tendency of medical students to prefer online resources such as Wikipedia in their search for information, the present study was designed with the aim to critically evaluate the content, accuracy of information, quality of references, frequency of updating, and readability of English Wikipedia articles on the respiratory system and its common disorders.
METHODS
Search strategy. English Wikipedia articles on the respiratory system and its disorders were searched on April 27, 2014. The selection of topics was based on careful analysis of the chapters on respiratory diseases of five medical textbooks commonly prescribed in undergraduate medical programs (Table 1 ) and eMedicine (Medscape) topics on respiratory diseases (http://www.medscape.com). Being written by experts in the field and regularly reviewed and updated, these resources were used as a reference in the selection of topics and in the assessment of the Wikipedia articles. These textbooks were selected because they are recommended in most medical schools worldwide and have been reviewed in general and internal medicine journals such as the British Medical Journal, Journal of the American Medical Association, and New England Journal of Medicine (4, 14, 29, 46) . Articles on eMedicine (Medscape) were authored by experts and are regularly updated on a yearly basis.
Another source for identifying the respiratory topics was the M1 and M2 curricula. This was based on the author's long experience in medical school curricula at the University of Sydney and University of Melbourne in Australia as well as other detailed curricula for undergraduate medical schools such as curriculum verification reports (University of California-San Francisco School of Medicine; http:// www.aamc.org/download/363632/data/sampleverifreprtucsf.pdf). Although M1 and M2 curriculum content often vary among medical schools, the focus in the search was about common core content.
The search strategy consisted of the following: 1) targeting articles covering common disorders affecting the respiratory system, 2) covering specific topics as well as general topics on the respiratory system that may be needed during the introduction of the module/block on the respiratory system, and 3) articles about rare conditions/syndromes related to the respiratory system were not included. The process of identifying topics from the five textbooks and eMedicine website was based on the degree of emphasis given by each resource, being considered in M1 and M2 curricula, and being covered in core contents required in undergraduate medical education. This process enabled identification of the topics. Topics that were given priority in these resources were identified by three assessors: the author (who is a medical consultant, a professor of medical education, and worke in curriculum development for over 15 yr) and two research assistants (both with medical backgrounds). The process of identifying topics and searching for Wikipedia articles and their evaluation is shown in Fig. 1 .
A total of 40 articles in the English language were finally identified, and copies of each article were obtained on the same day. The aim of making copies to assessors rather than assessing the actual electronic version is to ensure that the three assessors used the same version. This is particularly important as Wikipedia articles are frequently updated and changed.
Evaluation tool. A modified DISCERN instrument was used in the evaluation of accuracy of Wikipedia articles. The original DISCERN instrument was developed at Oxford University and consisted of 16 questions, including an overall evaluation question (22) . It was originally developed to evaluate the quality of written consumer health information (48). This tool has been used in evaluating the quality of internet sites providing information relating to oral cancer (28) , information resources on treatment for asthma and atopic dermatitis (5), quality of Web-based health information resources (30) , quality and safety of Web-based information about herbal medicines in the treatment of cancer (34) , colorectal cancer information on the internet (15) , and the quality of snoring treatment information on the internet (49) .
However, the original DISCERN instrument does not address the quality of illustrations, images, and tables included in an online resource. It also does not assess if there are gaps or deficiencies in the information provided. Therefore, it was decided to modify the instrument to enable the evaluation of Wikipedia articles. The modified DISCERN instrument is composed of 10 questions covering the depth of content, scientific accuracy, completeness, justification/evidence given, and readability grade (see the Supplemental Material for the APPENDIX). 1 The instrument was tested before being used in this study (3) .
The scoring system follows the scoring used in the DISCERN instrument: 1 was given if the answer was "no," 3 was given if the answer was "partially" yes, and 5 was given if the answer was "yes." For the last question, 1 was given if there were "serious or extensive shortcomings," 3 was given if there were "potentially important but not serious shortcomings," and 5 was given if there were "minimal shortcomings." Rank 1, "serious or extensive shortcomings," is defined as finding serious scientific errors and significant deficiencies in key principles and details related to a topic. Rank 3 is defined as a lack of clarity in information provided, finding confusing or contradictory statements, absence of evidence, and/or absence of one of the key principles related to a topic. Rank 5, "minimal shortcomings," is defined as finding the topic well presented and scientifically correct but lacking minor issues that will not affect the educational usefulness and validity of information given. An error was recorded when two or more evaluators agreed that an article presented a particular piece of information that was disputatious or in disagreement with current medical textbooks (3) .
Piloting the use of the instrument. The aims of piloting the use of the instrument before evaluating Wikipedia articles were to 1) orient that the three assessors to the instrument and how to use it, 2) ensure that the assessors were able to apply each item correctly, and 3) maximize the degree of agreement among the three assessors. To conduct the piloting portion, a total of 10 Wikipedia articles (other than those included in the study) were used. The three assessors were asked to apply the modified DISCERN instrument independently. The scores were then discussed in a meeting. None of the assessors shared their scores with other assessors before the meeting. Differences in the scores allocated were discussed and the reasons for inconsistencies were discussed until a consensus was reached. This exercise helped the evaluators on how to apply the instrument and assess the different Table 1 . The five medical textbooks used as references in evaluating Wikipedia articles components of the tool. Another 10 articles were evaluated independently in the same way discussed. The results showed an agreement among the three evaluators of 80 -90%, indicating optimum agreement and readiness to use the instrument.
Assessing the respiratory articles. The 40 respiratory Wikipedia articles were then assessed independently by the 3 assessors using the modified DISCERN instrument. The findings were placed on a Microsoft Excel 2010 document (Microsoft, Redmond, WA), and the outcomes were discussed in a meeting.
Assessing the references. For each article, the total number of references was recorded. References were also categorized into the following subcategories: peer-reviewed journals, textbooks, educational guidelines/position statements, reports/editorials, professional websites, general websites, and news/media/others. References for peer-reviewed journals were further subdivided according to the year of publication into those published in the last 5 yr and those published earlier.
Citations were checked for accuracy and whether what was stated in the article matched with the citation provided. In addition, references were checked in regard to 1) consistency in the way they were presented; 2) use of capital and small letters, italics, and bold; 3) use of appropriate international abbreviations or full journal titles; and 4) any missing information or errors in the references.
Frequency of updating articles. The "view history" button on the top of each article and the subsequent links, such as "review history statistics" and "edit history," were carefully examined for the frequency of information updating, including total number of revisions, average time between edits, average edits per month, and revisions in the last 12 mo for each article.
Assessment of readability. The aim for assessing readability was to examine the reading level and whether the articles were suited for college students. Two methods were used to calculate readability level: the validated Flesch-Kincaid Grade Level and Coleman-Liau The result is a number corresponding with a United States grade level. The Coleman-Liau index relies on characters rather than syllables per word. Although opinion varies in regard to it accuracy, characters are more readily counted by the computer program. The Coleman-Liau index can be calculated using the following formula:
where L is the average number of letters per 100 words and S is the average number of sentences per 100 words. To measure the readability of each article, 3 passages of text ranging between 150 -600 words in length were randomly selected from the beginning, middle, and end. The Flesch-Kincaid Grade Level and Coleman-Liau index were calculated using a free program provided by Readability Formulas (http://www.readabilityformulas.com/freetests/six-readability. formula.php). To conduct the calculation, headings and references that could artificially affect the calculation were omitted. Mean Ϯ SD readability scores for each article were calculated.
Statistical analysis. Scores obtained from each assessor were entered on a Microsoft Excel 2010 document and were checked by two assessors before any analysis was conducted. Analysis was conducted with SPSS software (version 18.0 for MS Windows, SPSS, Chicago, IL). Findings are reported as means Ϯ SD for DISCERN scores obtained for each Wikipedia topic and readability scores. Correlation between the two reading scores using the two methods and between the DISCERN scores and other variables (e.g., number of revisions, total number of pages, and number of authors/editors) were also studied (11, 44) . The interrater analysis between evaluators for each item in the modified DISCERN instrument was assessed by calculating Cohen's range of score (35, 40) .
Staying Current

RESULTS
Depth and accuracy scores. Table 2 shows accuracy scores (means Ϯ SD) calculated using the modified DISCERN instrument, number of images, illustrations, and tables. The minimum score was 14.6 for the article on clubbing, and the maximum score was 38.3 for the article on tuberculosis. Of the 40 articles, 13 articles scored 30 or higher, 20 articles scored 20 to 29, and 7 articles scored 14 -19. The number of pages ranged from 1 to 27 pages, indicating that articles varied significantly in regard to the size of the topic covered and details given. For example, the article on chronic obstructive pulmonary disease was covered in 27 pages, had 127 references, and had 4 external links and further readings. The article on cystic fibrosis was covered in 26 pages, had 136 references, and had 6 external links and 11 further readings. Incomplete articles were covered on one page, such as the articles on alveolar lung disease, clubbing, and occupational lung disease. These articles had no references or external links. The number of images/ illustrations varied from 0 to 16, and the number of tables varied from 0 to 3.
Although articles followed the template created by Wikipedia for medical articles, some articles were incomplete and most articles were deficient in discussing the pathogenesis and mechanisms of diseases. In addition, there were deficiencies in clinical pictures, investigations, and management of respiratory diseases. The time required to complete the evaluation of each topic varied from 15 to 150 min.
Article references. Table 3 shows an analysis of the references included in the Wikipedia respiratory articles. The total number of references in the 40 articles was 1,654, and the number of references varied from 0 to 168 references (41.3 Ϯ 48.2, mean Ϯ SD). The majority of references were from peer-reviewed medical and scientific journals, making a total of 1,045 (63%). Other references were guidelines/position statements (n ϭ 68, 4%), textbooks (n ϭ 268, 16%), reports/ editorials (n ϭ 31, 2%), professional websites (n ϭ 123, 7%), general websites (n ϭ 65, 4%), and news/media and others (n ϭ 54, 3%).
The number of citations from peer-reviewed journals published in the last 5 yr was only 312 (19%). Common problems in citations and the list of references were observed in most articles. These errors/problems can be summarized as follows: 1) citation of wrong references and failing to cite appropriate references, 2) incomplete references, 3) inconsistencies in the way that references were presented (for example, the full title of the journal was stated and in other places the abbreviated title was given, the use of capital and small letters, the use of italics and bold letters, and the inclusion of PMID and doi at the end of the reference), 4) some references were too old or redundant and could be excluded, and 5) failure to include key guidelines and position statements produced by the respiratory societies and associations, such as the American Association for Respiratory Care (https://www.aarc.org), American Thoracic Society (http://www.thoracic.org), European Respiratory Society (http://www.ersnet.org), British Thoracic Society (https://www.brit-thoracic.org.uk), and Thoracic Society of Australia and New Zealand (http://www.thoracic.org.au).
Article history and frequency of revisions. Table 4 shows the article history, date created, number of revisions, number of authors, and frequency of revisions. While the earliest date for article creation was November 13, 2001 , for the cystic fibrosis article, the most recent article was pulmonary function testing, created on March 19, 2008 .
The total number of revisions for the 40 articles was 52,837 (1,320.9 Ϯ 1,812.2, mean Ϯ SD), and the total number of authors was 24,723 (618.1. Ϯ 783.9, mean Ϯ SD). The average time between edits varied from 1 to 104 days, and the average edits per month varied from 0 to 45 (9.8 Ϯ 12.3, mean Ϯ SD). The revisions in the last 12 mo were 3,032 in total (75.8 Ϯ 137.9, mean Ϯ SD). There was a significant correlation between the number of revisions and DISCERN scores (r 2 ϭ 0.659, P Ͻ 0.001) and between the total number of revisions and number of authors/editors (r 2 ϭ 0.615, P Ͻ 0.001) and between the number of revisions and total number of pages (r 2 ϭ 0.770, P Ͻ 0.001).
Article readability. Two methods were used in calculating readability. Table 2 shows the readability scores (mean Ϯ SD) of each article calculated by Flesch-Kincaid Grade Level and Readability Coleman-Liau index. For the first method, the readability was in the range of 9.4 Ϯ 1.8 -22.6 Ϯ 10.7, whereas the second method recorded a range of 10.0 Ϯ 2.6 -19.6 Ϯ 8.3. A strong correlation was found between the scores calculated by the two methods (r 2 ϭ 0.744, P Ͻ 0.001). The scores obtained from the two methods indicate that Wikipedia articles were geared to a college level rather than to the public. Table 5 shows the agreement between assessors for each item included in the modified DISCERN instrument. Overall scores were in the range of 0.712-0.857.
Agreement between assessors.
DISCUSSION
The aim of the present study was to evaluate the content, accuracy of information, quality of references, frequency of updating, and readability of English Wikipedia articles on the respiratory system and its common disorders. The findings show that of 40 articles, 13 articles scored 30 or higher, 20 articles scored 20 or 29, and 7 articles scored 14 -19. The minimum score was 14.6, and the maximum score was 38.3. Although articles appeared to be well cited and reviewed regularly, several deficiencies in knowledge were identified. Several articles were incomplete, and articles were, in general, brief in linking knowledge with clinical applications, discussing the pathogenesis of diseases at body system, organ, cellu- lar, and molecular levels, and interpreting the results of investigations. Other knowledge gaps observed in the articles were minimal explanations to justify the investigations mentioned and limited discussions of the differential diagnosis and management plan. Details of treatment and evidence-based information available from major clinical trials, guidelines/position statements released from major societies/associations, such as the American Association for Respiratory Care, American Thoracic Society, European Respiratory Society, British Thoracic Society, and Thoracic Society of Australia and New Zealand, were not mentioned. Several studies have evaluated Wikipedia articles as a source of information for pharmacists (7), medical students (9, 21, 37), nursing and health professional students (16, 45) , college students (27) , junior physicians (20) , and patients (22) . A study by Laurent and Vickers (26) showed that Wikipedia was ranked among the first 10 results in 71-85% of search engines (Google, Google UK, Yahoo, and MSN). In self-directed programs such as problem-based learning, students tend to favor online resources such as Wikipedia as their first choice to search for information about their learning issues (3, 37).
While it looks that there was an overlap between some of the topics included in this study such as the topic on respiratory disease and topic on chronic obstructive lung disease, careful assessment reveals that this was not the case. The topic on respiratory disease covered broad classification of respiratory diseases and grouped them into inflammatory, restrictive, respiratory tract infections, tumors, etc. as well as discussed general approaches for the diagnosis and epidemiology of respiratory diseases.
This study has several strengths. The modified DISCERN instrument was used in assessing accuracy of articles, and the study was piloted before applying the instrument to the 40 articles. The evaluation of articles was conducted by three evaluators who had medical backgrounds, and the agreement between the evaluators had mean scores in the range of 0.712-0.857. Second, the study used a range of parameters essential in assessing academic documents and learning resources such as the scientific content of each article and accuracy of information given compared with the information provided by five standard medical textbooks and eMedicine (Medscape) resources. Other parameters considered in the evaluation were the number of images, illustrations, multimedia, and tables, the number of references, the number of peer-reviewed references, the frequency of article updating, and the number of authors/ editors for each article. Finally, the measurement of readability of the articles used two methods, which showed a strong correlation between the scores calculated from each method. Both methods showed that the articles were geared to the college level. Although most articles were regularly updated (52,837 times for the 40 articles), by a good number of authors/editors (24,723 for the 40 articles), and the majority of references were from peer-reviewed journals (63%), several problems were identified in the list of references of most articles and in the citations given. There were deficiencies in the use of educationally useful images/illustrations and tables to explain information given indepth. In addition, the use of multimedia was limited and not used in a way that enhanced the article. Most images and illustrations were not labeled, and the pathological changes were not identified/highlighted or compared with another image illustrating normal image. Although a good number of peer-reviewed journals were included in the references, in several situations these references did not target key papers related to the topic discussed and recent guidelines/ position statements from societies/associations were not included. Although the number of editors/authors involved in the 40 articles looks impressive, there was no information available about these authors and their experience. Wikipedia allows anyone to edit and make changes to articles; thus, the authors are not necessarily doctors or respiratory physicians or academics specialized in an area related to the respiratory system (6, 18, 52) . Also, the updating of the articles was usually about grammatical changes and editing sentences rather than making significant changes to the scientific content (47) . For example, the papers titled "alveolar lung disease" and "clubbing" were only 1 page long each and were updated 33 and 25 times, respectively, indicating that most changes were limited to minor changes rather than expanding and adding new content. Although topics were created approximately at the same time (between 2002 and 2004), the numbers of revisions and edits were so different. This may be related to the lack of editing of Wikipedia articles to ensure harmony and a balanced distribution of contents in articles. It is also related to the interest of Wikipedians to update particular topics of interest to them (such as bronchial asthma and chronic obstructive pulmonary disease) rather than others.
However, the study is not free from limitations. The results from the study are based on the analysis of 40 English Wikipedia articles on the respiratory system and its disorders, and the results cannot be generalized to other articles on Wikipedia covering other body systems or other languages, which limits the generalization of the results. In addition, the findings from this study reflect the status of Wikipedia articles on respiratory diseases at the time of the study. Wikipedia articles inherently are in a constant state of influx, and it has been shown that articles improve over time (10) . In this context, the present study has demonstrated a significant correlation between DIS-CERN scores and the number of updates over time.
As indicated by Wikipedia administrators, several articles were incomplete. These deficiencies can be categorized as follows: 1) articles in their early stages, for example, the articles titled "alveolar lung disease," "chest pain," "clubbing," "gas exchange," and "ventilation/perfusion scan"; 2) articles showing deficiencies in some content or need tables, images, illustrations, or media to make the message meaningful and enhance their educational value, for example, the articles titled "acute bronchitis," "breathing (mechanisms of breathing)," and "chest pain"; and 3) articles requiring the addition of proper citations for some statements, for example, the articles titled "acute bronchitis," "alveolar lung disease," "clubbing," and "pulmonary surfactant."
Recently, WikiProject Medicine has been introduced, where people interested in medical and health content on Wikipedia can discuss topics, collaborate, or debate issues. The Wikipedia articles also have been categorized in regard to their status by administrators. Details about the Wikipedia categorization are To enhance the quality of articles, it was suggested that professional societies/associations could create task forces for reviewing Wikipedia articles and even give a statement of approval on articles that have been completed and reviewed at a satisfactory level (42) . University students could take the task of completing Wikipedia articles under supervision (8) . It was proposed that professional bodies could support members as individual contributors to Wikipedia articles in their areas of expertise (50) . It was also suggested that clinicians could contribute by editing Wikipedia (24) . These proposals aim at the involvement of a wider range of professionals in the writing and editing of articles so that any perceived conflicts of interest could be resolved on a scientific basis.
In conclusion, the findings from the present study show that English Wikipedia articles on the respiratory system and its disorders follow the standardized template created by Wikipedia for medical/health articles. Although the articles were regularly updated and well cited, most articles were deficient in knowledge, particularly in the pathogenesis of diseases, differential diagnosis, and discussions of management plans and treatment options. Most articles cited peer-reviewed journals, but there were several errors in the list of references and allocation of citations in the article. In addition, guidelines and position statements issued by international thoracic societies/ associations were not cited. The readability scores calculated using two methods showed that the articles were geared at a college level rather than to the public. Although the articles were regularly updated and reviewed, the articles were not free from scientific errors, and more work is needed to add/improve quality images, illustrations, multimedia, and tables to enhance the educational content of these articles. Therefore, the Wikipedia articles on the respiratory system and its disorders are not suitable for medical students as learning resources. Medical students should become aware of these problems in the Wikipedia articles, and medical educators should direct them to appropriate resources that have been written/edited by scholarly authors and are regularly updated and accurate.
